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There is a shift from the hydroxyl assisted to
the water assisted hydrogenation pathway
when coverage effects are accounted for.
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Without corrections the coverage is strongly
overestimated.
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Aim
The high performance of copper catalysts in hydrogenation of ketones and aldehydes is poorly understood. This hampers the improvement of copper-based
catalysts and the design of a new generation of hydrogenation catalysts. We studied the different hydrogenation pathways for acetol using hydrogen,
hydroxyl and water as a hydrogenating species and determined their kinetic relevance using ab-initio microkinetics.
Acetol hydrogenation pathways
Sensitivity analysis
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Water dissociation
Oxygen hydrogenation
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Alkoxy 0 0
H2O -0.4 0.2
Conclusions
Hydrogen Hydroxyl Water
Reduced mechanism
Coverage effects were considered for
the important surface species.
Coverage effects
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𝛿𝐺𝑖𝑛𝑡𝑟𝑎
≠, 𝑖 = 𝑎𝑖 ∗ exp −𝑏𝑖 ∙ 𝜃𝑖
𝛿𝐺𝑖𝑛𝑡𝑒𝑟
≠, 𝑖 = 
𝑗≠𝑖
𝑐𝑖𝑗𝜃𝑗
Hydrogenation
𝑅𝑅′𝐶𝑂∗ + 𝐻∗ → 𝑅𝑅′𝐶𝐻𝑂∗ +∗
𝑅𝑅′𝐶𝐻𝑂∗ + 𝑂𝐻∗ ⇋ 𝑅𝑅′𝐶𝐻𝑂∗ + 𝑂∗
𝑅𝑅′𝐶𝐻𝑂∗ +𝐻2𝑂
∗ ⇋ 𝑅𝑅′𝐶𝐻𝑂∗ + 𝑂∗
Regeneration
𝑂∗ +𝐻2𝑂
∗ ⇋ 2𝑂𝐻∗
𝑂∗ +𝐻∗ ⇋ 𝑂𝐻∗ +∗
𝑂𝐻∗ +𝐻∗ ⇋ 𝐻2𝑂
∗ +∗
Hydrogenation of the alkoxy species
via proton transfer from a hydroxyl
species or water depending on the
reaction conditions.
Without coverage effects
Reaction Path Analysis
The alkoxy species is hydrogenated via proton
transfer from a hydroxyl species or a water
molecule. The regeneration steps for the
hydroxyl species and the water molecules are
rate-limiting.
With coverage effects
Without coverage effects
This suggests the promotional effect of ZnO
and CeOx in Cu.
T = 200 °C; Ptot = 100 bar; H2/RR’CO/H2O = 2/1/1
The regeneration steps are rate-
limiting.The alkoxy intermediate is hydrogenated via proton transfer.
